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Abstract 

Background: The organisms responsible for neonatal sepsis vary across geographical boundaries and with the 
tinne of illness thus periodic bacteriologic surveillance is a neccessity. The present study was therefore carried out 
to deternnine the comnnon bacterial pathogens in Port Harcourt and their sensitivity pattern. 

Methods: Four hundred and six neonates were prospectively screened for sepsis over a 6 month period. Sensitivity 
of the bacterial isolates to different antibiotics was determined using Kirby-Bauer diffusion method. 

Results: Gram negative organisms predominated (75.1%) with Klebsiella pneumonio (58.2%) being the commonest. 
The quinolones were the most sensitive antibiotics to the commonly isolated organisms. 

Conclusion: Klebsiella pneumonio is the commonest organism responsible for neonatal sepsis in Port Harcourt. 
There is an overall decline in the antibiotic susceptibility to the commonly isolated bacterial pathogens. 
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Introduction 

Sepsis remains one of the most common diseases of the 
neonatal period and is still a significant cause of mor- 
bidity and mortality [1]. It contributes up to 13-15% of 
all deaths during the neonatal period, higher in develop- 
ing countries where it contributes between 30-50% [2,3]. 
It is important to note that 20-30% of the survivors of 
neonatal sepsis may exhibit neurological sequalae [4]. 
Sepsis related mortality is however largely preventable 
with rational antimicrobial therapy and aggressive sup- 
portive care [5]. 

The organisms responsible for neonatal sepsis (NNS) 
vary across geographical boundaries and with the time 
of onset of illness [6]. In addition, one organism or a 
group of organisms may over time replace another as 
the leading cause of neonatal sepsis in a particular 
region [1,7,8]. In most developing countries, gram nega- 
tive bacteria remain the major source of infection [9]. 
However, in the developed countries. Gram positive 
organisms have been implicated as the most common 
causes of NNS [10]. 



^ Correspondence: docolyemen@yahoo.com 

^Department of Paediatrics and Child Health, Niger Delta University Teaching 
Hospital, Okolobiri, Bayelsa State, Nigeria 

Full list of author information is available at the end of the article 

(3 BioMed Central 



Micro-organisms implicated in NNS have developed 
increased drug resistance to commonly used antibiotics 
and thus making treatment extremely difficult [11]. 
Thus, local epidemiology of neonatal sepsis should be 
constantly updated to detect changes in the pattern of 
infection of pathogens and their susceptibility to various 
antibiotics. The epidemiology of NNS and antibiotic 
resistance patterns of pathogens may be used to develop 
guidelines for management of NNS in hospitals includ- 
ing the choice of empiric antibiotic therapy. The aim of 
this study therefore is to determine the most common 
bacterial pathogens associated with the disease and their 
antimicrobial susceptibility. 

Methods 

The study was carried out prospectively over a 6 months 
period (July-December, 2007) in the Special Care Baby 
Unit of the University of Port Harcourt Teaching Hospi- 
tal, Rivers State, Nigeria. The University of Port Har- 
court Teaching Hospital is the main referral and 
neonatal care centre for Rivers State and its neighboring 
States. 

All newborns aged 0-28 days admitted during the per- 
iod of study with one or more symptoms/signs sugges- 
tive of sepsis with or without risk factors of sepsis were 
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recruited into the study. Babies who had received anti- 
biotics prior to presentation as well as those whose 
mothers had received antibiotics within one week prior 
to delivery were excluded from the study. For every neo- 
nate recruited, 2 milliliter of venous blood was collected 
from a peripheral vein under aseptic conditions and 
before the commencement of antibiotics for blood cul- 
ture. The blood was aseptically introduced into aerobic 
and anaerobic culture media. The blood culture speci- 
mens were processed according to standard methods in 
the microbiology laboratory [12]. Inoculated blood cul- 
ture media were considered negative if there was no 
growth after continuous incubation for up to 7 days, 
subcultures being made each day. Sensitivity of the bac- 
terial isolates to different antibiotics was determined 
using Kirby-Bauer disc diffusion method [12]. 

Neonates whose samples for investigations had been 
sent to the laboratories were commenced empirically on 
intravenous cloxacillin and gentamicin, based on pre- 
vious antibiotic sensitivity pattern. Clinical response was 
monitored and therapy changed to another antibiotic 
(cephalosporins) if response was poor or patient was 
deteriorating. Clinical response was said to be poor 
when there was no improvement in the symptoms and 
signs after 72 hours of antibiotic treatment. In the case 
of a positive blood culture, the 2nd line antibiotic cho- 
sen was determined by the susceptibility pattern of the 
organism isolated. 

The clinical details and results of laboratory investiga- 
tions were recorded in a proforma. The results were 
analysed using the statistical package, SPSS version 14.0. 
Ethical clearance was obtained from the ethics commit- 
tee of the University of Port-Harcourt Teaching 
Hospital. 

Results 

Five hundred and eleven neonates were admitted into 
the SCBU of the UPTH during the period of study, of 
which 406 (79.5%) who had clinical features suggestive 
of sepsis with or without risk factors of sepsis were stu- 
died. Of the 406 neonates, 153 (37.7%) were inborns 
while 253 (62.3%) were outborns. 

Of the 406 neonates studied 169 (41.6%) had positive 
blood culture, giving a prevalence rate of blood culture 
proven sepsis as 33.1%. 

Organisms Isolated from blood culture 

As illustrated in Figure 1, there was a preponderance of 
gram negative organisms, 127 (75.1%) over gram posi- 
tive organisms, 42 (24.9%). Kebsiella pneumoniae 
(58.2%) was the commonest bacterial pathogen isolated 
followed by Staphylococcus aureus (20.0%) and Escheri- 
chia coli (8.1%) while the least organism isolated was 
Streptococcus spp (0.9%). 
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Organisms Isolated 

Figure 1 Organisms Isolated from Blood Culture. 
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Organisms isolated by age at onset of illness 

The distribution of the organisms isolated from blood 
culture by age at onset of illness is illustrated in Table 
1. There were 120 (42.1%) neonates with Early onset 
sepsis, EOS (onset of illness in the first 72 hours of life) 
and 49 (40.5%) with Late onset sepsis, LOS (onset of ill- 
ness after 72 hours of life), p value = 0.76. Klebsiella 
pneumonia (65.4%) and Staphylococcus aureus (15.4%) 
were the commonest organisms isolated in neonates 
with EOS while the least were Pseudomonas aerugenosa 
(2.6%) and Enterococcus faecalis (2.6%). Staphylococcus 
epidermidis (0.0%) and Streptococcus spp (0.0%) were 
not isolated in neonates with EOS. 

For late onset sepsis, Klebsiella pneumonia (43.6%) 
and Staphylococcus aureus (30.8%) were also the predo- 
minant organisms implicated while the least were Pro- 
teus spp (2.6%) and Streptococcus spp (2.6%). 
Enterococcus faecalis (0.0%) was not isolated in neonates 
with LOS. 

Isolation of organisms by gestational age at birth 

Figure 2 illustrates the distribution of organisms isolated 
by gestational age. Klebsiella pneumonia (50.0%) and 
Staphylococcus aureus (21.2%) were the predominant 
organisms isolated in preterm neonates while Staphylo- 
coccus epidermidis (1.9%) and Pseudomonas spp (1.9%) 
were the least isolated. 

In Term/Post term neonates, Klebsiella pneumonia 
(65.5%) and Staphylococcus aureus (19.0%) were also 
isolated predominantly, while Proteus spp (1.7%) and 
Staphylococcus epidermidis (1.7%) were the least 
isolated. 

Antibiotic susceptibility testing of Klebsiella pneumoniae 

The graphical representation of Klebsiella pneumoniae 
susceptibility testing is illustrated in Figure 3. 
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Table 1 Organisms isolated by age at onset of illness 



Organisms 


Early onset sepsis (0-72 hrs) 


Late onset sepsis (> 72 hrs) 




Frequency [Percentage] 


Frequency [Percentage] 


Klebsiella 


78 (65.0) 


21 (42.9) 


Staphylococcus aureus 


18 (15.0) 


15 (30.6) 


Escherichia coli 


9 (7.5) 


4 (8.2) 


Proteus spp 


8 (6.7) 


1 (2.0) 


Pseudomonas aurugenosa 


4 (3.3) 


4 (8.2) 


Enterococcus faecalis 


3 (2.5) 


0(0) 


Staphylococcus epidermidis 


0(0) 


3 (6.1) 


Streptococcus spp 


0 (0) 


1 (2.0) 


Total 


120 (100) 


49 (100) 



Ciprofloxacin (88.5%), perfloxacin (77.1%) and sparfloxa- 
cin (77.1%) were the most sensitive antibiotics to Kleb- 
siella pneumoniae while the least were cloxacillin (6.3%) 
and ampicillin (3.8%). 

Antibiotic sensitivity testing of Staphylococcus aureus 

The antibiotic sensitivity of Staphylococcus aureus is 
shown in Figure 4. Staphylococcus aureus was most sen- 
sitive to ciprofloxacin (90.9%) followed by perfloxacin 
(80.0%) and sparfloxacin (73.3%) but less sensitive to 
ampicillin (15.8%), cloxacillin (15.8%) and amoxicillin 
(3.8%). 

Discussion 

Sepsis remains one of the most important causes of 
morbidity and mortality in the newborn despite consid- 
erable progress in hygiene, introduction of new antimi- 
crobial agents and advanced measures for early 
diagnosis and treatment [13,14]. 

The burden of neonatal sepsis in our environment is 
enormous as shown in the present study in which 79.5% 
of all neonates admitted had either features suggestive 
of sepsis or predisposing factors of sepsis and a third of 
this number had blood culture proven sepsis. Similar 
observation was also made in Jos, Nigeria [15]. 
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Organisms Isolated by Gestational Age at birth 

Figure 2 Organisms Isolated by Gestational Age at Birth. 



The high prevalence of sepsis of 33.1% in the present 
study corroborates with the 31.7% and 34.4% reported 
in Calabar and Jos, Nigeria [2,15] respectively but much 
higher than the 10.7% and 6.5% reported in ogun state, 
Nigeria [16] and London [10] respectively. The higher 
prevalence observed in the present study could be 
attributed to the fact that the study was prospective and 
as such infants of mothers with prior antibiotic therapy 
were excluded from the study. This may not have been 
the case in the latter studies which were retrospective. 
The lower prevalence rate observed in London [17] 
could also be attributed to the better obstetric and nur- 
sery care as seen in other developed countries [8]. 

Neonatal sepsis is a life threatening emergency and 
thus any delay in treatment may cause death. The 
knowledge of the aetiological organisms as well as their 
antimicrobial sensitivity profile is necessary for effective 
therapeutic intervention in neonatal sepsis. It is there- 
fore important to note that commencement of antibiotic 
therapy empirically is of essence while awaiting blood 
culture results. The initial empiric antibiotic therapy 
must therefore be a combination of drugs to cover for 
the prevalent bacterial organisms in that locality. 

In the present study. Gram negative organisms predo- 
minated accounting for 75.1% of neonatal septicaemia in 
our unit. Similar finding has been reported in most 
parts of Nigeria [16,18-20] and India [21]. This however 
contrasts with studies carried out in the non-tropics 
where Gram positive organisms predominated [10]. 

The predominance of Klebsiella pneumonia in the 
present study accords with several reports in Nigeria 
[16,18,20] and other developing countries [17,22]. This 
however contrast with studies in some parts of Nigeria 
[7,23,24] and Saudi Arabia [25] where Staphylococcus 
aureus was mainly implicated. These differences could 
be attributed to geographic location and with the time 
of onset of illness. In addition, one organism or a group 
of organisms may over time replace another as the lead- 
ing cause of neonatal sepsis in a particular region 
[7,8,10]. 
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Figure 3 Graphical Representation of Klebsiella pneumoniae Susceptibility Testing. 
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Klebsiella pneumonia was observed in the present 
study to be the commonest organism impUcated in neo- 
nates with both EOS and LOS. Not surprisingly how- 
ever, Staphylococcus aureus was noted to be more 



Ampicillin 




■ % Sensitivity 



0 20 40 60 80 100 

Figure 4 Graphical Representation of Staphylococcal aureus 
susceptibility pattern. 



implicated in LOS than in EOS. This organism was also 
observed more in the preterms than in the term/post 
term neonates with sepsis. This could be because Sta- 
phylococcus aureus is commonly associated with nosoco- 
mial sepsis as seen in LOS as well as in 
immunocompromised patients like the preterm babies. 

It is interesting to note that isolation of Group B 
Streptococcus was very insignificant in the present study 
and this confirms the observation by researchers in 
Nigeria [2,3,15,18,19] and other developing countries 
[17,21,22]. The low incidence of GBS sepsis in develop- 
ing countries could be attributable to low prevalence of 
GBS colonization rates of pregnant women or possibly 
to the presence of strains with low virulence 

The present study has shown a change in the sensitiv- 
ity pattern of the common pathogens to commonly used 
antibiotics. Quinolones (ciprofloxacin, perfloxacin and 
sparfloxacin) were observed to be the most potent anti- 
microbial agents against both Gram negative and posi- 
tive organisms in our unit and least sensitive to 
ampicillin and cloxacillin commonly used in the SCBU 
of our hospital. This corroborates with other studies 
[18,21,24,26]. The 3rd generation cephalosporins now 
commonly used as 2nd line antibiotics in many centres 
and 1st line in others have recently also been observed 
to become increasingly ineffective as shown in the 
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present study as well as others [18,26]. The sensitivity to 
gentamicin in the present study was however poor, 
16.3% for Klebsiella pneumonia and 38.9% for Staphylo- 
coccus aureus. Progressive decline in the sensitivity pat- 
tern of gentamicin to gram negative organisms has also 
been observed by other researchers [3,7,16,20]. This 
however contrast much earlier studies where gentamicin 
was observed to be very sensitive to commonly isolated 
organisms [19,27]. This change in the sensitivity pattern 
of antimicrobials could be attributable to the fact that 
microorganisms tend to become resistant to commonly 
used antibiotics while remaining sensitive to the rarely 
used ones. In addition, antimicrobial sensitivity may dif- 
fer in studies and at different times and this could be 
due to the emergence of resistant strains due to indiscri- 
minate use of antibiotics for both prophylaxis and treat- 
ment of sick neonates. 

Based on the present study, it is probably unnecessary 
to commence cloxacillin and gentamicin previously 
recommended as empiric antibiotics in the treatment of 
neonates with suspected sepsis due to their extremely 
low sensitivities. Evidence from the present study has 
shown that the quinolones especially ciprofloxacin is the 
most potent antibiotics in neonatal sepsis. These how- 
ever have restricted use in children although there has 
been successful short term use of the drug in cases of 
severe NNS [28]. Because of the dreaded side effects of 
the quinolones, the 3rd generation cephalosporins which 
had moderate sensitivities may be advocated as first line 
antibiotics in the treatment of neonates with sepsis. The 
major limiting factor of the cephalosporins however, is 
its prohibitive cost. In the face of gentamicin resistance, 
other aminoglycosides not commonly used like amikacin 
and tobramycin may be recommended as alternatives. It 
is thus pertinent to note that the current antibiotic pol- 
icy of commencing a baby with suspected sepsis on 
cloxacillin and gentamicin needs re-evaluation. 

The varying microbiological pattern of NNS therefore 
warrants the need for periodic review of neonatal sepsis 
as the knowledge of the pathogens and their antibiotic 
susceptibility would be a useful guide in the antibiotic 
therapy of such neonates with sepsis. 

Futhermore, steps need be taken to prevent or control 
the emergence of resistance strains. Laws therefore 
should be enforced to discourage the indiscriminate use 
of antibiotics seen commonly in our country as well as 
discourage inadequate doses which are also believed to 
contribute to the increasing emergence of resistant 
strains. 

Conclusion 

Klebsiella pneumoniae is the commonest organism 
implicated in neonates with sepsis. 



The quinolones are the most potent antibiotics in 
neonatal sepsis. 
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